Cholestasis is a pathological common component of numerous liver diseases that results in hepatotoxicity, inflammation, and cirrhosis when untreated. While the predominant hypothesis in cholestatic liver injury remains hepatocyte apoptosis due to direct toxicity of hydrophobic bile acid exposure, recent work suggests the injury occurs through inflammatory necrosis. In order to resolve this controversy, we used novel plasma biomarkers to assess the mechanisms of cell death during early cholestatic liver injury. C57Bl/6 mice underwent bile duct ligation (BDL) for 6-72h, or sham operation. Another group of mice were given D-galactosamine and endotoxin as a positive control for apoptosis and inflammatory necrosis. Plasma levels of full length cytokeratin-18 (FL-K18), microRNA-122 (miR-122) and high mobility group box-1 protein (HMGB1) increased progressively after BDL with peak levels observed after 48h. These results indicate extensive cell necrosis after BDL, which is supported by the time course of plasma alanine aminotransferase activities and histology. In contrast, plasma caspase-3 activity, cleaved caspase-3 protein and caspase-cleaved cytokeratin-18 fragments (cK18) were not elevated at any time during BDL suggesting the absence of apoptosis. In contrast, all plasma biomarkers of necrosis and apoptosis were elevated 6h after Gal/End treatment. In addition, acetylated HMGB1, a marker for macrophage and monocyte activation, was increased as early as 12h but mainly at 48-72h. However, progressive neutrophil accumulation in the area of necrosis started at 6h after BDL. In conclusion, these data indicate that early cholestatic liver injury in mice is an inflammatory event, and occurs through necrosis with little evidence for apoptosis.
INTRODUCTION
Cholestasis is present in multiple pathologies including gall stone obstruction of the bile duct, biliary atresia, local tumor impingement and drug toxicity (Kim et al., 2000; Poupon et al., 2000; Yang et al., 2013b) . Persistent cholestasis leads to injury of hepatocytes and bile duct epithelial cells, inflammation, and progression to fibrosis, cirrhosis and death. The predominant hypothesis concerning the mechanism of cholestatic liver injury is the accumulation of hydrophobic bile salts considered to be highly toxic (Perez and Briz, 2009; Maillette de Buy Wenniger and Beuers, 2010; Higuchi and Gores, 2003) , with a heavy emphasis on glycochenodeoxycholate (GCDC) or its bile acid glycochenodeoxycholic acid (GCDCA) largely due to their accumulation in human serum during cholestatic conditions (Trottier et al., 2011) . Papers from multiple laboratories over the past 20 years have shown an intricate mechanism by which GCDC at 30-50μM concentrations causes apoptosis in isolated rat hepatocytes (Spivey et al., 1993; Patel et al., 1995; Yerushalmi et al., 2001; Graf et al., 2002; Schoemaker et al., 2004; Rust et al., 2006) . While GCDC-induced apoptosis is indisputable in rat hepatocytes, it is currently undetermined if this mechanism also applies to other animals or the human condition (Woolbright and Jaeschke, 2012) .
Recent data in a bile duct ligation (BDL) model in the mouse demonstrated that the accumulating bile acids in serum and liver consist largely of hydrophilic bile acids including taurocholate, muricholic acid and tauromuricholic acid (Zhang et al., 2012) . Hepatocytes exposed to these hydrophilic bile acids individually or in combination trigger chemokine formation and expression of adhesion molecules such as intercellular adhesion molecule-1 (ICAM-1) but did not cause cell death (Allen et al., 2011; Zhang et al., 2012) . In addition, animals deficient in CD18 or ICAM-1 are highly protected against BDL-induced liver injury suggesting that cholestatic liver injury in this mouse model is caused by neutrophils (Gujral et al., 2003a (Gujral et al., , 2004a . It has been suggested that the mode of cell death in the BDL model in rats (Schoemaker et al., 2003) or mice (Gujral et al., 2004b; Fickert et al., 2005; Nalapareddy et al., 2009; Mitchell et al., 2011 ) is mainly oncotic necrosis and not apoptosis. Nevertheless, this is controversial as others have concluded that apoptotic cell death is dominant (Higuchi and Gores, 2003) . Part of the confusion is certainly caused by use of non-specific assays for apoptosis such as the TUNEL assay (Grasl-Kraupp et al., 1995; Jaeschke and Lemasters, 2003) . However, one argument that has been used for the different interpretation is that a cell undergoing apoptosis is only identifiable for a limited time and thus many apoptotic cells may be missed when a longer time interval is used. In order to address this issue, we have used circulating biomarkers of apoptosis (caspase-cleavage fragment of cytokeratin-18 and caspase-3 enzyme activity) and necrosis (full-length cytokeratin-18, high mobility group box-1 protein and miR122) in the mouse BDL model that can accumulate and provide a signature pattern of resulting cell death mechanisms. Each of these markers has been successfully used in mice (Antoine et al., 2009; Williams et al., 2011; McGill et al., 2012) and humans (Starkey Lewis et al., 2011; Antoine et al., 2012 Antoine et al., , 2013 McGill et al., 2012; Dear et al., 2013) after acetaminophen overdose. In addition, we have compared our data in the BDL model with a traditional apoptosis/inflammation model, i.e. galactosamine/ endotoxin-induced liver injury (Leist et al., 1995; Jaeschke et al., 1998) .
MATERIALS AND METHODS

Animals and experimental protocol
C57BL/6J mice were purchased from Jackson Laboratories (Bar Harbor, ME). All animals received humane care according to the criteria outlined in Guide for the Care and Use of Laboratory Animals. All experimental protocols were approved by the Animal Use Committees of the University of Kansas Medical Center. Thirty minutes before surgery, the mice were injected i.m. with a cocktail of anesthetics consisting of ketamine (225 mg/kg Ketaset; Fort Dodge Animal Health, Fort Dodge, IA), xylazine (11.4 mg/kg Rompun; Bayer, Shawnee Mission, KS), and acepromazine (2.3 mg/kg acepromazine maleate; VEDCO, St. Joseph, MO). A midline laparotomy was performed and the common bile duct was ligated twice with 4-0 silk sutures and then cut between the sutures. Sham-operated animals, which were subjected to the same operation except the ligation of the bile duct, served as controls. After BDL the abdomen of each animal was closed in two layers. Blood and liver samples were collected at the indicated time of death. Pieces of the liver were snap-frozen in liquid nitrogen or fixed in phosphate-buffered formalin for immunohistochemistry and histology.
Liver injury and plasma ALT levels
ALT activities were determined in the plasma by using the Pointe Scientific ALT Kit (Pointe Scientific Canton, MI) according to the manufacturer's instructions. Sections of formalin-fixed paraffin-embedded liver samples were stained with hematoxylin and eosin (H&E) for evaluation of liver cell injury.
Hepatic neutrophil immunohistochemistry
Neutrophil accumulation in the livers was assessed by staining tissue sections using immunohistochemistry for Ly6B2 (AbD Serotec Raleigh, NC), a specific marker for neutrophils. Briefly, slides containing liver sections were deparaffinized, rehydrated, and then incubated with peroxidase suppressor (Sigma, St. Louis, MO) for 30 minutes. Vector Labs rat anti-mouse DAB detection system (Vector Labs Burlingame, CA) was used with the indicated primary antibody at 1:200 dilution.
Determination of circulating mechanism-based biomarkers of liver injury
Circulating biomarkers were determined as previously described for highly liver specific markers such as microRNA-122 (miR-122) by qRT-PCR (Starkey Lewis et al., 2011) , unequivocal identification and absolute quantification of full length and caspase-cleaved cytokeratin-18 was determined by mass spectrometry as previously described (Antoine et al., 2009 (Antoine et al., , 2010 (Antoine et al., , 2012 and total HMGB1 (Antoine et al., 2009 (Antoine et al., , 2010 (Antoine et al., , 2012 by immunoassay and mass spectrometry. The absolute quantification of hyper-acetylated HMGB1 was determined by mass spectrometry as previously described as a biomarker of immune cell activation (Antoine et al., 2009 ). For miR-122 measurement, let-7d provided biological standardization and lin-4 served as an internal standard for the assay. The investigators measuring the plasma biomarkers were blinded to the treatment groups of the animals.
Western blotting
Flash frozen liver sections were homogenized in a chaps based buffer, and then centrifuged at 14000 rpm to remove cellular debris. The BCA assay (Pierce, Rockford, IL) was used to quantify protein levels in both liver and plasma. Briefly, equal quantities of protein were loaded into an Invitrogen Mini Blot electrophoresis system and transferred onto PVDF paper. The blot was probed with a caspase-3 antibody (Cell Signaling Danvers, MA) and visualized using an HRP conjugated secondary antibody (Santa Cruz Biotechnology Santa Cruz, CA).
Caspase activity assa
Caspase activity was determined by measuring the z-VAD-FMK-inhibitable cleavage of the fluorescent caspase-3 substrate Ac-DEVD-AMC (Sigma Aldrich St. Louis, MO) as described .
Statistics
Statistical analysis was performed with Sigmaplot 8.0 (Systat Software, Inc., Chicago, IL). Data were assessed using one way ANOVA followed by Student-Newman-Keul's post-hoc test for comparisons between means or Dunnett's post-hoc test for comparisons to a control. For data not normally distributed, we used the Kruskal-Wallis test followed by Dunn's multiple comparisons test. P < 0.05 was considered significant.
RESULTS
It is recognized that liver injury and bile infarcts peak between 48-72 h after BDL (Georgiev et al., 2008) . Therefore, we investigated the time course of liver injury in C56Bl/6 mice between the onset of BDL and 72 h after BDL. Obstruction was confirmed by robust dilation of the gall bladder and the presence macroscopically of bile infarcts in the liver. ALT levels rose steadily through the first 24 hours before subsiding slightly at 48 h and 72 h after injury ( Figure 1A ). H&E staining confirmed the progressive increase of liver injury and showed the characteristic bile infarcts typically seen after BDL ( Figure 1B ). As an apoptosis control for these experiments, mice were treated for either 3 h or 6 h with 700 mg/ kg D-galactosamine and 100 μg/kg endotoxin (Gal/End), a treatment regimen that is known to trigger TNF-mediated apoptosis (Leist et al., 1995) and inflammation-induced necrosis . While there was no ALT release at 3 h, ALT levels were increased significantly 6 h post Gal/End treatment ( Figure 1A ). Histology indicated the presence of both necrotic and apoptotic cells ( Figure 1B ).
Because it is known that apoptotic cell death is a fairly rapid process and the resulting apoptotic bodies can be removed, it has been argued that the extent of apoptosis may be underestimated when tissue sections are evaluated at a single time point (Giucciardi and Gores, 2005) . In order to overcome this problem, plasma biomarkers were evaluated. We have previously shown that during apoptosis, caspase-3 activities can be measured in serum after Gal/End in rats and mice (Gujral et al., 2003b; McGill et al., 2012) but not after APAP overdose in mice or humans . No evidence of caspase-3 activity in plasma was found at any time after BDL (Figure 2A ). In contrast, substantial plasma caspase-3 activities were measured 6 h after Gal/End (Figure 2A ). The plasma caspase-3 activity measurements were supported by western blots showing that both procaspase-3 and an active cleavage product were detectable in the 6 h Gal/End samples ( Figure 2B ). However, procaspase-3 proteins were only detected in BDL samples with substantial injury (e.g. 24 h) but not in sham-operated animals ( Figure 2B ).
Cytokeratin 18 is a filamentous protein that can be released by damaged cells into the extracellular space reflecting cell death. The full-length protein (FL-K18) represents an unmodified cellular component that is passively released by necrotic cells whereas the release of a caspase-specific cleavage product of cytokeratin 18 (cK18) provides evidence for intracellular caspase activation and potentially apoptotic cell death (Biven et al., 2003) . This method offers a wider analytical window enhancing the ability to simultaneously detect apoptosis and necrosis of epithelial cells. When FL-K18 and cK18 levels were measured in plasma of BDL and sham-operated mice, a progressive increase of FL-K18 levels was observed up to 48 h with a slight decline at 72 h after BDL (Figure 3) . However, cK18 levels never exceeded sham-operated levels of <150 pmol/ml serum at any time after BDL (Figure 3) . In contrast, both molecular forms of keratin-18 substantially increased during Gal/End-induced apoptosis and inflammation-induced necrosis at 6 h ( Figure 3 ). Serum miR-122 levels have been associated with APAP-induced necrosis in experimental animals and humans (Wang et al., 2009; Starkey Lewis et al., 2011) . Similar to FL-K18, miR-122 levels increased progressively up to 48 h and moderately declined afterwards (Figure 4) . Only traces of miR-122 were detectable in sham-operated animals. In addition, serum miR-122 levels increased substantially at 6 h after Gal/End (Figure 4) .
High mobility group box 1 (HMGB1) protein is a nuclear protein that can be passively released during necrotic cell death (Scaffidi et al., 2002) or actively secreted by activated inflammatory cells such as macrophages (Erlandsson Harris and Andersson, 2004) . Recent work indicated that the acetylated form of HMGB1 is actively secreted mainly by inflammatory cells in response to inflammatory stimuli (Bonaldi et al., 2003) . Total HMGB1 levels increased dramatically starting 6 h post BDL and further increased up to 48 h followed by a moderate decline at 72 h ( Figure 5A ). The increase in HMGB1 levels 6 h after Gal/End was similar to the BDL animals after surgery. In contrast to miR-122 and FL-K18, control and sham-operated animals showed low baseline levels of HMGB1 with some elevation 1-3 days after BDL ( Figure 5A ). Analysis of the acetylated form of HMGB1 (acHMGB1) demonstrated close to undetectable levels after Gal/End and at 6 h after BDL surgery ( Figure 5B ). AcHMGB1 levels were significantly increased at 12 h after BDL and peaked between 48 and 72 h ( Figure 5B ). However, as indicated by the percentage of acHMGB1 compared to the total HMGB1, the acetylated form was only a relevant component at later time points after BDL reaching levels of 10% of the total HMGB1 compliment ( Figure 5C ).
Previous studies suggested that neutrophils are critical for the injury after BDL in mice (Gujral et al., 2003a) . To assess how this rise in HMGB1 levels correlated with neutrophil recruitment, neutrophil levels were quantified via immunohistochemistry in liver sections. Neutrophil counts were increased significantly in all BDL samples. The time course shows a moderate infiltration of neutrophils during the first 12 h and then a more progressive increase up to 72 h ( Figure 6A ). In contrast, high neutrophil levels were already observed 3 h after Gal/End with only a moderate further increase at 6 h ( Figure 6A ). Whereas neutrophils were located predominantly in sinusoids at 3 h (data not shown) and both in sinusoids and extravasated into the parenchyma at 6 h after Gal/End ( Figure 6B ), most neutrophils after 24-72 h after BDL are located within the area of necrosis ( Figure 6B ).
DISCUSSION
The objective of the current investigation was to use plasma biomarkers to assess mode of cell death and inflammation over time in a murine model of obstructive cholestasis (BDL). In addition to the mechanistic insight, the results also provide reference data for the interpretation of translational studies in humans where plasma but no tissue is available in most cases (Antoine et al., 2012; McGill et al., 2012) .
Apoptosis and Necrosis During Early Cholestatic Liver Injury
A predominant hypothesis in cholestatic liver injury remains the idea that hydrophobic bile salts such as GCDC induce apoptosis in hepatocytes (Guicciardi and Gores, 2005; Maillette de Buy Wenniger and Beuers, 2010) . While this mechanism applies to cell death of cultured rat hepatocytes exposed to GCDC in vitro (Spivey et al., 1993; Patel et al., 1995; Yerushalmi et al., 2001; Graf et al., 2002; Schoemaker et al., 2004; Rust et al., 2006) , caspase levels and apoptosis after BDL in rats in vivo are very limited mainly due to the induction of anti-apoptotic proteins (Schoemaker et al., 2003) . In mice, conclusions of apoptotic cell death after BDL were mainly based on TUNEL-positive cells and the protection in Fas receptor-deficient lpr mice (Miyoshi et al., 1999) . However, no relevant caspase activation was detected after BDL and caspase inhibitors, which were highly effective in the Gal/End or Fas antibody-induced apoptosis models, did not protect against BDL-induced liver injury (Gujral et al., 2004b) . The current biomarker data using full length cytokeratin-18 (FL-K18) and the caspase cleavage product (cK18), clearly indicate a lack of caspase activation from the onset of BDL to the peak of tissue damage at 2-3 days. In contrast, the dramatic increase of FL-K18 levels in plasma indicates extensive cell necrosis. Importantly, the parallel assessment of these parameters before and during liver injury after treatment with Gal/End, a model of TNF-induced parenchymal cell apoptosis and inflammation-induced necrosis (Leist et al., 1995; Jaeschke et al., 1998; Lawson et al., 1998) , confirmed that substantial amounts of FL-K18 and of the caspase-cleaved fragments are released into the plasma during active necrotic and apoptotic cell death. Thus, based on the biomarker data it can be concluded that the liver injury during the first 3 days after BDL consists almost exclusively of necrosis and not apoptosis. This conclusion was further confirmed by the presence of uncleaved pro-caspase-3 in plasma after BDL and not of the active fragment. Again, the positive control for apoptosis (Gal/End) showed the presence of both pro-caspase-3 and the active fragments in plasma.
Although these plasma biomarker data are consistent and correlate with a number of tissue evaluations concluding the absence of apoptosis in the murine BDL model (Gujral et al., 2004b; Fickert et al., 2005; Nalapareddy et al., 2009; Mitchell et al., 2011) , there are in vivo studies that claim a dominant role of apoptotic cell death (Miyoshi et al., 1999; Higuchi et al., 2001) . Most of these studies rely on the TUNEL assay as an indicator of apoptosis. However, the TUNEL assay detects DNA strand breaks, which occur during apoptosis but also during necrotic cell death (Grasl-Kraupp et al., 1995; Gujral et al., 2001) suggesting that this assay is not specific for apoptosis. In addition, the argument that the Fas receptordeficient lpr mouse is protected is not proof for apoptotic cell death (Miyoshi et al., 1999) . Lpr mice show reduced inflammatory injury during BDL (Gujral et al., 2004b) and have increased Nrf2 activation, which makes them less susceptible to oxidant stress-induced injury (Williams et al., 2013) . Thus, off-target effects appear to be responsible for the protection against BDL-induced injury in these mice. Likewise, the protection after antisense treatment knocking down the pro-apoptotic protein Bid (Higuchi et al., 2001) could not be reproduced in Bid-deficient mice (Nalapareddy et al., 2009 ) and therefore, off target effects need to be considered.
Circulating microRNAs have been used as biomarkers for various disease processes. MiR-122 is particularly enriched in the liver (Chang et al., 2004) and was shown to be a sensitive indicator of liver injury after APAP overdose in mice (Wang et al., 2009 ) and humans (Starkey Lewis et al., 2011; Antoine et al., 2013; Dear et al., 2013) . APAP-induced cell injury involves predominantly necrosis in both species (Gujral et al., 2002; Antoine et al., 2012) . Our data showed a progressive increase of miR-122 levels in plasma after BDL but not after sham-operation. The time course of miR-122 release after BDL was very similar to the necrosis marker FL-K18. In addition, miR-122 levels increased 6 h after Gal/End, which involves both apoptotic and necrotic cell death at this time (Leist et al., 1995; Jaeschke et al., 1998) . Thus, the release of miR-122 further supports the conclusion of extensive necrotic cell death after BDL.
A third marker of necrosis used in our study was the nuclear protein and damage associated molecular pattern (DAMP), HMGB1, which, according to current theory, is not released during apoptotic cell death (Scaffidi et al., 2002) . Again, HMGB1 levels are increased during necrotic cell death after APAP overdose in mice (Scaffidi et al., 2002; Antoine et al., 2009; Williams et al., 2011) and humans (Antoine et al., 2012 . Total HMGB1 levels dramatically increased during BDL but plasma levels changed only marginally after shamoperation. The time course, progressive increase up to 48 h after BDL and then a moderate decline, was similar to FL-K18 and miR-122 levels. Together all 3 plasma biomarkers consistently indicate necrotic cell death after BDL and plasma caspase activities and cK18 levels demonstrate the lack of apoptosis. These plasma biomarkers accurately reflect what can be observed by histology with the added advantage of representing a more global picture for the entire liver.
Neutrophils and Inflammation as a Cause of Cholestatic Liver Injury
Our previous studies provided strong evidence for neutrophilic inflammation being the key mechanism of BDL-induced liver injury in the mouse (Gujral et al., 2003a (Gujral et al., , 2004a Kim et al., 2006; Allen et al., 2011) . Neutrophils cause target cell necrosis by generating reactive oxygen (Jaeschke, 2006; 2011) . BDL triggers progressive recruitment of neutrophils into the liver causing extensive oxidant stress and cell death (Gujral et al., 2003a (Gujral et al., , 2004a . HMGB1 is a known damage associated molecular pattern (DAMP), which can bind to toll like receptor 4 (TLR4) and the receptor for advanced glycation end products (RAGE) and induce generation of pro-inflammatory mediators, which can activate and recruit leukocytes to sites of inflammation (Yang et al., 2013a) . However, the fact that TLR4-deficient mice did not show reduced hepatic neutrophil accumulation and injury after BDL did not support a role of HMGB1 or endotoxin in neutrophil recruitment (Allen et al., 2011) . In addition, the release of HMGB1 from necrotic cells and the formation of pro-inflammatory cytokines and chemokines by macrophages in the circulation are inconsistent with the focal bile infarcts caused by neutrophils. It is more likely that chemotactic factors are derived from bile as the extensive pressure building up during bile duct obstruction leads to local ruptures of cholangioles and leakage of bile into the parenchyma (Fickert et al., 2002) . Preliminary data from our laboratory have suggested that chemotactic osteopontin fragments in bile can initiate the neutrophilic inflammatory response after BDL (Yang et al., 2011) .
The acetylated form of HMGB1 is known to be actively secreted by monocytes/ macrophages (Bonaldi et al., 2003; Erlandsson Harris and Andersson, 2004) . Our data indicate that only traces of acHMGB1 are being released during the first 24 h after BDL. However, at 48 and 72 h approximately 10% of the circulating HMGB1 proteins are acetylated. This suggests increasing monocyte/macrophage activation at 2-3 days after BDL. Moreover, the delayed release of HMGB1 and detection in the circulation compared to TNFα has been shown in murine models of sepsis (Wang et al., 1999) . Indeed, inflammatory mononuclear phagocytes are detectable in the liver 3 days after BDL in mice (Duwaerts et al., 2013) . Our current acHMGB1 time course data are highly consistent with the presence of mononuclear phagocytes and the delayed release of HMGB1 from activated immune cells. These cells are in a more pro-inflammatory state than the resident macrophages (Kupffer cells) at this time (Duwaerts et al., 2013) . This would suggest that these infiltrating monocytes are more likely the source of acHMGB1 than the resident Kupffer cells. Nevertheless, a systemically released mediator like HMGB1 cannot direct neutrophils to focal areas of necrosis and, therefore, may not be a relevant therapeutic target. Thus, the passively released, hypoacetylated form of HMGB1 is a sensitive marker of cell death and the hyperacetylated form indicates monocyte/macrophage cell activation during obstructive cholestasis. Translational studies may be warranted to assess if plasma HMGB1 levels, as demonstrated for APAP overdose (Antoine et al., 2012) , may predict negative clinical outcome (acute liver failure and death).
Summary and Conclusions
Using the plasma biomarkers full length cytokeratin-18 (FL-K18), miR-122 and HMGB1, we demonstrated progressive necrotic cell death after BDL in mice. Each of these necrosis biomarkers was more responsive than plasma ALT. On the other hand, using the apoptosis biomarkers plasma caspase-3 enzyme activities, active caspase-3 fragments and the caspasecleaved fragment of cytokeratin-18 (cK18), no evidence for apoptotic cell death was detected within the 3 day period after BDL. In contrast, in a positive control for apoptosis and necrosis, the Gal/End model, these parameters were readily detectable. The findings with the plasma biomarkers after BDL or Gal/End are in full agreement with histological assessments in the liver. Thus, the panel of plasma biomarkers indicates that liver cell death after BDL is caused exclusively by necrosis. In addition, these biomarkers may be useful to assess the mechanisms of cell death after obstructive cholestasis in humans which may ultimately lead to new therapies and stratified medicine.
Highlights
• The mechanism of cell death during cholestasis remains a controversial topic.
• Plasma biomarkers offer new insight into cell death after bile duct ligation.
• Cytokeratin-18, microRNA-122 and HMGB1 levels implicate necrosis.
• Acetylated HMGB1 levels rise late after BDL confirming inflammation.
• BDL-induced liver injury involves mainly inflammation, necrosis but no apoptosis. Liver injury in C56Bl/6 mice after treatment with galactosamine/endotoxin (Gal/End), bile duct ligation (BDL) or sham-operation. A) Plasma alanine aminotransferase (ALT) activities after Gal/End, BDL or sham-operation (6-72h). Data represent mean ± SE of n=4-6 animals per group. *P<0.05 (compared to untreated control or sham. B) Representative H&E-stained liver sections at 100x or a 400x enhanced Gal/End picture. Apoptotic cells are marked with black arrows; a necrotic cell is indicated by an asterisk. Assessment of apoptosis in C56Bl/6 mice after treatment with galactosamine/endotoxin (Gal/End), bile duct ligation (BDL) or sham-operation. A) Caspase-3 activity was measured in plasma after BDL or Gal/End treatment. Data represent mean ± SE of n=3 animals per group. *P<0.05 (compared to untreated control). B) Western blot of procaspase-3 (32 kD) and its active 19 and 17 kD fragments in plasma of an untreated control, 3 or 6 h after Gal/ End or 24 h after BDL as a representative time point. Full length (FL-K18) and caspase-cleaved (cK18) cytokeratin-18 levels in plasma after galactosamine/endotoxin (Gal/End) treatment, bile duct ligation (BDL) or sham-operation. The values of sham-operation (<150 pmol/ml) were subtracted from the BDL values. Data represent mean ± SE of n=4-6 animals per group. *P<0.05 (compared to untreated control); # P<0.05 (compared to cK18 values) Total (A) and acetylated (B) forms of plasma high mobility group box 1 (HMGB1) protein were measured after galactosamine/endotoxin (Gal/End) treatment, bile duct ligation (BDL) or sham-operation. C. Percentage of acHMGB1 compared to the total HMGB1 was calculated. Data represent mean ± SE of n=4-6 animals per group. *P<0.05 (compared to untreated control); # P<0.05 (compared to sham-operated control). Neutrophil accumulation in livers after galactosamine/endotoxin (Gal/End) treatment, bile duct ligation (BDL) or sham-operation. Neutrophils were stained using an anti-neutrophil allotypic antibody against Ly6B2. A) The numbers of neutrophils were counted in 20 randomly selected high power fields (HPF) per section. Data represent mean ± SE of n=4-6 animals per group. *P<0.05 (compared to untreated control); # P<0.05 (compared to shamoperated control). B) Representative images (x100) of stained liver sections are shown. After BDL, neutrophils were largely associated with areas of infarct (arrows).
